We compute the distribution amplitudes of the pion and kaon in the light-front constituent quark model with the symmetric quark-bound state vertex function [1, 2, 3] . In the calculation we explicitly include the flavor-SU(3) symmetry breaking effect in terms of the constituent quark masses of the up (down) and strange quarks. To calculate the kaon parton distribution functions (PDFs), we use both the conditions in the light-cone wave function, i.e., whens quark is on-shell, and when u quark is on-shell, and make a comparison between them. The kaon PDFs calculated in the two different conditions clearly show asymmetric behaviour due to the flavor SU(3)-symmetry breaking implemented by the quark masses [4, 5] .
INTRODUCTION
In the usual hadronic scale the pion is special, because it is (unusually) the lightest bound state of the quarkantiquark, and also plays a key role in the chiral perturbation theory (see the review [6] ).
Deep inelastic scattering (DIS), or the hadronic scattering, may be decomposed into two parts, a part depends on the short distance partonic cross section, and a part depends on the long distance process [4, 5, 7] . The distribution amplitude (DA) provides the link between these two parts, or, with another words, pertubative regime (small distance) and non-pertubative (long distance) regime.
The hadronic states, mesons and baryons, have been sucessfully organized in terms of the valence quark components, or constituent picture (see the Particle Data Group [8] ). However, on the other hand, in the case of the Deep Inelastic Scattering, the hadronic systems also have other degrees of freedom, i.e., gluons and the sea of quarks. In the hadronic systems, the distributions amplitudes (DAs) are important to characterize the feature of the bound state nature, because they provide essential information on them, such as electromagnetic and transition form factors [9, 10] .
In the following sections we present the model utilized, and the results.
The Model
The model used in the present study is the light-front constituent quark model (LFCQM) with a symmetric vertex function, which was used already in the previus work for pion [1, 11] , and recently for pion and kaon [3] to calculated the observables associated with them. The effective interaction Lagrangian density for the quark and pseudoscalar meson is given by,
where g = m 0 − / f 0 − is the coupling constant, m 0 − and f 0 − denote the mass and decay constant of a pseudoscalar meson, respectively, and φ the pseudoscalar field, namely the pion or the kaon [1, 3] . Here, the symmetric vertex function for theqq-meson vertex which describes the bound state, is used as in Refs. [1, 3] :
The vertex function Λ(k, p) is symmetric under the exchange of the quark and antiquark momenta, k and P − k, with P being the total momentum of the meson. The normalization constant, C, is fixed by the electromagnetic charge form factor, or the charge i.e., F 0 − (0) = 1.
The pseudoscalar meson wave function either for the pion or kaon in the present light-front constituent quark model, is given by [1, 3] 
In the expression above, the momentum k for the quark (antiquark) is on-shell, namely,
, and after the integration of the light-front energy, k − , the pseudoscalar valence light-cone wavefunction is obtained as,
with the definition for the functions M(m a , m b ),
where the ligh-front coordinates are,
. The second term in Eq. (4) arises, because the vertex function used here is symmetric under the exchange of the quark and anti-quark momenta. But this is not the case of the non-symmetric vertex [11, 12] .
In the light-front the Feymman amplitude, as calculated here, in the Breit frame and the Drell-Yan conditions q + = 0, does not have zero-mode contribuitions. But in a general frame, i.e, q + 0, it is necessary to include the zero-mode contribuitions [1, 11, 13] . This is also true in the case of the other components, such as the minus component of the current [11, 13] to preserve the full covariance.
In general, the parton distribution function (PDF) of either pion or kaon is related with the corresponding wave function by the following equation,
here, f π,K is the decay constant of pion or kaon, and Φ π,K (x, k ⊥ ) the corresponding valence wave function. The pion or kaon wave function is normalized by
with the corresponding pseudoscalar meson decay constant.
In the present light-front constituent quark model (LFCQM) we have three parameters, the quark and antiquark masses and the regulator mass. With the constraint of the electromagnetic charge form factor, F π,K (0) = 1, and the equation above for the normalization of the wave function, the parameters are determined. The LFCQM with the symmetric vertex function, has been successful in describing the pion and kaon observables with the data in the particle data group (PDG) [8] (see table-1). [8] In the next section, we will present the numerical results for the parton distribution functions of the pion and kaon.
Results and discussions
The parameters for the present model of the light quarks are the same as those in Refs. [1, 3, 2] , and in the case of the strange quark, the strange quark mass, m s (= ms), is taken from Ref. [14] . In the previus works [1, 3] , the value of the regulador mass, m R = 0.6 GeV, was utilized to reproduce the pion and kaon observables (see table-I) such as, the electromagnetic elastic form factors, decay constants and electromagnetic radii.
We compare the present results calculated with the symmetric vertex function with those of the non-symmetric vertex model [11, 12] , e.g., the ratios of the decay constants for the pion and kaon. While the ratio for the nonsymmetruic vertex mofel gives f 
Pion Kaon ( quark u on-shell) Kaon (quark s on-shell) FIGURE 1. (a) (Left) Pion and Kaon distribution amplitudes (DAs) with the LFCQM with symmetric vertex [1] , and the asymptotic wave function [15] , and (b) (Right), the DAs of pion and kaon multiplied by x (xφ(x)).
The results are shown in Figs. 1 and 2 for the distribution amplitudes (DAs). In Fig. 1 , it is shown the pion DA calculated with the present symmetric vertex model, compared with the pion asymptotic wave function [15] ; the result for the model presented here, is very similar to that of the pion asymptotic wave function. The pion DA (see the right panel of Fig. 1 ), is symmetric around x = 0.5 for both cases, the asymptotic wave function and the present model. However, in the case of the kaon, the DA is not symmetric for the interchange of the quark (u) and the antiquark (s), that can be seen in the left panel of Fig. 1 . This is due to the choice of the integration momentum of the (anti)particle , i.e., with the u quark on-shell, or thes quark on-shell (s). This is the effect of the S U(3) symmetry breaking induced by the constituent quark masses considered in this study. Similar results were also obtained in Refs. [4, 5] with a nonlocal chiral model. [4, 5] .
In Fig. 2 (the left panel) we show the ratios of the distribution amplitude, u K (x)/u π (x), the kaon over pion with the quark u and antiquark on-shell (s quark on-shell in the case of the kaon). Again, the effect of the flavor-SU(3) symmetry breaking is clearly seen by the curves; the solid curve is the quark u on-shell, while the dashed curve is the case of the anti-strange quarks on-shell. We show in the right panel of Fig. 2 the PDFs for the pion and kaon multiplied by x, compared with the nonlocal quark model of Refs. [4, 5] .
In the present work, the main objective is to study the behaviour of DAs and PDFs with the LFCQM of Ref. [1] , since that model descrives very well the pion observables as well as those of the kaon [3] . For the case of the kaon in the present study, both the DAs and PDFs show asymmetric behavior, similar to those found in different models.
In the near fututure we plan to study the pion and kaon DAs and PDFs in the nuclear medium as the extension of the study made in Ref. [2] . Such studies are under in process.
